Our aim was to employ experimental design to formulate and optimize cetirizine hydrochloride oral disintegrating tablets (ODTs) by direct compression technique, using the mutual effect of synthetic croscarmellose sodium (CCS) and natural Hibiscus rosasinensis mucilage (HRM) as disintegrants in the formulation. Central composite design (CCD) was applied to optimize the influence of three levels each of CCS ( 1 ) and HRM ( 2 ) concentrations (independent variables) for investigated responses: disintegration time (DT) ( 1 ), % friability ( ) ( 2 ), and % cumulative drug release (DR) ( 3 ) (dependent variables). This facecentered second-order model's reliability was verified by the probability and adequate precision values from the analysis of variance, while the significant factor effects influencing the studied responses were identified using multiple linear regression analysis. Perturbation and response surface plots were interpreted to evaluate the responses' sensitivity towards the variables. During optimization, the concentrations of the processed factors were evaluated, and the resulting values were in good agreement with predicted estimates endorsing the validity. Spectral study by Fourier Transform Infrared Spectroscopy (FTIR) and thermograms from Differential Scanning Calorimetry (DSC) demonstrated the drug-excipients compatibility of the optimized formulation. The optimized formulation has concentrations of 9.05 mg and 16.04 mg of CCS and HRM each, respectively, and the model predicted DT of 13.271 sec, of 0.498, and DR of 99.768%.
Introduction
The conventional formulations like tablets and capsules play a major role in the oral drug-delivery system with many pros and cons. With respect to patient compliance, ease of swallow is one of the important factors that determine the acceptance of these formulations, especially in pediatric and geriatric patients. It was assessed that 40-50% of the population face the problem of dysphagia or difficulty in swallowing with frequent complaints of taste, surface, and size of the tablets which lead to noncompliance and poor treatment [1] [2] [3] . Technological advents in ODTs have drawn global attention during the last decades that can overcome these problems. Unlike conventional dosage forms, ODTs rapidly disintegrate in the mouth in presence of saliva and are then swallowed comfortably into the stomach [4] [5] [6] [7] . The drug release from ODTs has a prospect to be absorbed in oromucosal tissue followed by esophagus and pharynx resulting in potential rapid action, enhanced therapeutic efficacy devoid of gastric irritation, and partial first-pass effect [8] .
For an ideal ODT, the disintegration time varies from several seconds to about a minute. Numerous unique properties of ODTs like fast disintegration, taste-masking ingredients, sensitiveness to moisture, tablet strength, and porosity make them distinct from conventional tablets. However, the best formula of ingredients' composition to achieve the desired properties has been a great challenge for the researchers since time immemorial. Recently, Response Surface Methodology (RSM) has become a widely accepted optimization 2 Journal of Pharmaceutics technique to overwhelm the complexity in formulation and development of pharmaceutical preparations [9] . The aim of RSM is to design the way in which a response is affected by the independent variables or their interactions. The fitted model is used to reach the destination at the best operating conditions, which conclude in either maximum or minimum response.
It is also useful to analyze the functional relation between completely dependent and wholly autonomous variables [10] . RSM has many types of experimental designs, which demonstrates polynomial equations and determines the optimal levels to formulate the dosage forms [11] [12] [13] . CTZ, an active hydroxyzine (H1-receptor antagonist) metabolite, is a drug of choice for the treatment of all types of allergies, rhinitis, hay fever, atopic dermatitis, asthma, allergic cough, and urticaria. Being a second-generation nonsedative antihistamine, it exhibits inhibition of several cytotoxic mediators, eosinophil chemotaxis, and release of histamines during allergies [14, 15] . In this paper, we have demonstrated the formulation and development of cetirizine hydrochloride (CTZ) ODTs using an optimized combination of CCS and HRM as disintegrants. Disintegration capacity of the natural mucilage (HRM) was studied when employed alone and in binary mixture with the synthetic superdisintegrant (CCS) and vice versa. During comparative evaluation, it was observed that the ODTs with optimal combination of CCS and HRM provide faster disintegration and better tablet strength.
Materials and Methods

Materials.
CTZ was procured from Lotus Enterprises, Visakhapatnam (India). CCS, Pearlitol SD 200, magnesium stearate, sorbitol, aerosil, and flavour were purchased from Yarrow Chem Products, Mumbai, and aspartame was purchased from Loba Chemicals, Mumbai. Fresh leaves of Hibiscus rosa-sinensis were collected from the local source.
Methods
Extraction and Purification of Hibiscus rosa-sinensis
Mucilage. The fresh and healthy leaves of Hibiscus rosasinensis were carefully cleaned. The dirt and dust particles were removed by washing with water, dried, and processed. Powdered leaves were set aside in water for a period of 5-6 hrs for soaking followed by boiling for 30 min. The mucilage was collected into water from the above mixture. Thereafter, the material was squeezed to remove the marc from the solution by an eight-folded muslin cloth bag. A sufficient quantity of acetone was added to the above filtrate to get the precipitate. The collected mucilage was dried at a temperature of 30 ∘ C in hot air oven. The dried mucilage was powdered, sieved through sieve (#80), and put aside in a desiccator at 30 ∘ C and 45% relative humidity until use. The common method of segregation of gums from food was used. About 1% of mucilage along with 5% of cold diluted trichloroacetic acid solution was homogenized, centrifuged, and neutralized by using sodium hydroxide and then dialyzed for 30 hrs against distilled water. The mucilage was reprecipitated using ethanol (three volumes) and washed successively with ethanol, acetone, and diethyl ether [16, 17] . The dried powder mucilage was characterized for physicochemical properties shown in Table 1 was composed of various proportions of drug and excipients as depicted in Table 2 . ODTs of each batch of 50 tablets (each tablet weight is 200 mg ± 50 mg) were prepared by direct compression method using Cadmach single punch machine with 10 mm flat plane face punches. The drug and excipients sieved through #22 mesh and mixed accurately in a polyethylene bag for 30 minutes. To the resultant blend, lubricant was added and mixed well to get the uniform composite. The formulations were equipped to develop the tablets. Although additions of natural mucilage have shown satisfactory results, the formulations containing synthetic polymer exhibited better performance when evaluated [18, 19] . Further, a combination of both the above disintegrants in different ratios was screened to assess their mutual contribution on the formulation's performance. The proposed method aimed to establish a formulation containing an optimal ratio of both the disintegrants to exhibit their best synergistic effects on the investigated responses.
Formulation Design.
To develop and optimize the formulation design of CTZ ODTs, a CCD with = 1 was used to recognize the significant factors' effects influencing the investigated responses in the proposed oral disintegrating tablet formulation. The concentrations of CCS ( 1 ) and HRM ( 2 ) as independent variables run at three levels were discreetly screened for their major effect and interactions on the responses such as DT ( 1 ), ( 2 ), and DR ( 3 ) as dependent variables. The responses were optimized together by multiple response algorithms using Design-Expert5 version-8.0.4 (Stat-Ease). To depict the interrelationship between independent and dependent variables, the investigational data and model were fitted and evaluated by ANOVA.
As per the above-mentioned factors, a CCD was used, where the two independent factors converted to being dimensionless each at three levels (+1, 0, −1) to have control over the response pattern and their optimum variable combinations. The central point (0, 0) of the design was studied in quintuplicate to compute the reproducibility of the technique and also to countenance the valuation of error. Table 3 summarizes a version of 13 experimental runs, their independent variable's combination, and coded level version used during study.
During the design study, all the responses develop fitted polynomial models, along with their interactions and quadratic expressions utilizing multiple regression analysis methodologies. The fitting form of the second-order polynomial model is described as the following equation:
is the predicted/measured response for the combination of each factor level, which correlates with (regression coefficient): 0 , which is the intercept signifying the arithmetical mean of whole of quantifiable results of 13 runs; 1 to 7 are linear coefficients appraised from the contemplated values of the measured response; 1 and 2 are translated coded values for each independent variable. The expressions 1 2 and 2 signify the interaction between them and influence on response. The rationality of statistical polynomial models was predictable by ANOVA. Threedimensional response surface plots (3D) were designed to check the interaction of factors and their significant influence on responses [20] [21] [22] .
Validation and Optimization of Proposed Model.
To validate the experimental design, eight checkpoint solutions were selected for investigation. The prepared formulations equivalent to each of the checkpoints were screened for the selected responses. The resultant observed responses were compared quantitatively with their corresponding foretold values. Subsequently, the linear regression plots were drawn between the obtained observed response properties and the consequent predicted values to observe the error.
Evaluation
Mechanical Properties of Tablets.
To determine the mechanical strength of a tablet, hardness and friability are measured as the two significant parameters. The crushing strength/hardness of the tablets was measured by using the hardness tester (Monsanto), whereas the friability was evaluated using a Roche friabilator. For % friability, accurately weighed twenty tablets were allowed to rotate in the friabilator at 25 rpm for 5 minutes and change in tablet weight was analyzed.
Wetting Profile.
The wetting time of the formulations was calculated by standard procedure. Five circular pieces of filter papers of 10 cm diameter and 0.45 m pore sizes (Hi-media) were placed in a Petri dish. 10 mL of eosin dye water solution was added to the dish; then a tablet was positioned on the filter paper and time taken for overall wetting of the tablet was noted down [23] .
Disintegration Test of Tablets.
The USP disintegration apparatus is having six glass tubes 3 long with top side open and detained beside 10 screen at the opposite bottom side of the basket. After the tablet is sited in every tube, the basket frame is disillusioned in one-liter beaker of double distilled water at 37±2 ∘ C, in such a manner that the tablets stay behind the liquid surface on their uphill movement and downward not nearer than 2.5 cm from the bottom of the basket. The DT was recorded [24] .
In vitro Dissolution
Study. The ODTs were evaluated for drug release studies by using phosphate buffer (pH-7.4) for one hour to contact the capability of the formulated tablets to furnish quick drug delivery. The eight-stage dissolution test apparatus (DISSO 2000, Lab India) was used to perform in vitro drug dissolution studies of ODTs by using 900 mL of the dissolution medium (pH-7.4 phosphate buffer) constantly well kept at 37±1 ∘ C. The tablets were placed in the cylindrical vessel, and the paddle type stirrer rotated at 50 rpm. Samples of 5 mL were withdrawn at each time interval (2, 5, 10, 15, 20, 30, 45 , and 60 minutes) from the dissolution medium and replaced by 5 mL of fresh mediums each time to maintain sink condition. The drawn samples were filtered, and 1 mL was taken of each filtrate to dilute to 10 mL with same media. The absorbance of the samples was measured at max 250 nm using UV spectrophotometer [25] .
Results and Discussion
Drug-Excipients Interaction Study.
The interaction study between drug and excipients was carried out in order to get confirmation on the probable interaction for any interface using FTIR and DSC analysis. Figure 1 shows the infrared spectra of pure CTZ, CCS, and HRM and combination of these three ingredients. The unadulterated drug alone shows 3043, 3022, 2983 (aromatic C-H str), 1600, 1580 (aromatic (C⋅ ⋅ ⋅ C)), 1741 (C=O), 1200-1100 (C-O-C), 1250-1310 (C-N), 2891-2741 (C-OH) (w, b), and 750-700 (C-Cl), respectively. The optimal ratio of CCS and HRM as the key excipients in the formulation showed almost all bands without affecting their peak position and trends, which indicates the absence of well-defined interaction between the drug and the two disintegrating agents.
The DSC thermograms of pure CTZ, CCS, and HRM and combination of these three are shown in Figure 2 . The thermogram of pure CTZ exhibits a single endotherm corresponding to the melting point of the pure drug, which showed a sharp characteristic peak at 222. mixture did not show any peak at 222.6 ∘ C, which confirms compatibility of drug and excipients. There is no melting endotherm of drug in the optimized formulation, which indicates that the drug was present in amorphous phase.
Experimental Design and Data
Acquiring. The influence of both disintegrants used to formulate CTZ ODTs was studied. Tablets were obtained employing direct compression method due to (i) ease of fabrication and (ii) economic (iii) faster disintegration or dissolution. HRM was used as disintegrating promoting agent due to its swelling property in water. After coming in contact with water the mucilage wicks the water into the matrix network and then swells, which reduces adhesiveness of other ingredients causing disintegration. CCS 6 Journal of Pharmaceutics used as disintegrating agent due to its cross network polymeric system water drawing capacity considerably increases. RSM with the aid of CCD was exploited methodically to estimate the impact of disintegrants as dependent variables and their interactions on the investigated responses. The experiment was aimed to identify the significant factor effects influencing the formulation performance and to establish their superlative levels for the desirability of responses shown in Table 4 .
Statistical Analysis and Mathematical Modeling of Experimental Data.
To estimate the quantitative effects of the combined ratio of factors and their levels on the selected responses, the experimental values of the flux were analyzed by Design-Expert software and mathematical models obtained for each response [26] . The statistical models were generated by the results obtained from investigation and regression of statistically significant factors [8] . The polynomial equations derived from multiple regression analysis for each flux are shown below. 
The above equations reveal the assessable effect of the dependent variables, concentrations of CCS (X 1 ) and HRM (X 2 ) and their interaction on the responses such as DT ( 1 ), ( 2 ), and DR ( 3 ) as dependent variables. The polynomial equation includes the coefficients intercept, first order of individual factor's influence, interaction, and higher-order term [27] . In the equations, the positive signs indicate synergistic effect, and the negative sign signifies the antagonistic affect. The negative regression coefficient of both factors (X 1 and X 2 ) in (2) and (3) proposes a decrease in DT and with an increase in concentration of the independent variables and in (4) an increase in DR with an increase in concentrations of factors. It is also concluded that variable 2 had the most profound effect on % friability, whilst variable 1 mostly affected % drug release. However, disintegration time experienced equal influence by both the variables ( 1 and 2 ). In (2)-(4) coefficients of factors with higher-order term ( 1 2 , 1 2 ) represent quadratic correlation, while the coefficients having both factors (X 1 , X 2 ) indicate an interaction effect on the selected responses. The positive regression coefficient of the quadratic term of 1 2 in (2) and (3) signifies that the respective responses decrease slightly and later increase, whereas in (4) negative indicates the decrease in drug release. The quadratic term 2 2 had significant effect on all the three responses (disintegration time, % friability, and % cumulative drug release). There is a positive influence on both DT and by the interaction of both factors and negative impact on drug release [28, 29] .
The analysis of variance (ANOVA) test on the quadratic response model was executed to signify the linear interaction effect of the factors, the quadratic term on responses, and lack of fit [30] . The analysis of variance (ANOVA) was calculated by the Design-Expert software as shown in Table 5 . At the significance level of 5%, the quadratic model was significant, as the value is less than 0.05 [31] .
Evaluation of Variable Effectiveness by Perturbation Plots.
The resulting perturbation plots in Figure 3 help to competently study the effect of each independent factor at a certain point on a specific response, while the remaining factor maintained constant at a particular mentioned point. A steep or curve slope specifies that the response is sensitive to the definite variable. Figures 3(a)-3(c) show that the concentration of HRM (X 2 ) had a maximum effect on DT, while concentration of CCS (X 1 ) significantly affected and DR. Rising level of X 2 until the reference point results in decrease in DT (synergistic effect). Further increase of X 2 after the reference point results in an increase in DT (antagonistic effect), whilst the elevated concentration of X 1 had a synergistic effect on decrease in and increases in DR. 
Formation of 3D Response Surface Plots.
To envision the influence of independent factors on flux, three-dimensional (3D) plots in Figure 4 for (a) DT, (b) , and (c) DR were formed based on the polynomial model. All of the observed response surfaces formed hillsides with large curvatures confirming that they were mostly influenced by the interaction effect of concentrations of HRM and CCS. From the response surface plots, it was concluded that the increase in concentration of both factors leads to significant decrease in DT, but at a certain point DT may increase due to the wicking problem. Figure 4 (a) exhibits that DT varies in a largely curved nonlinear descending order upon increasing HRM and decreasing CCS concentrations. Figure 4 (b) shows that F changes in a slightly curved linear descending manner when concentrations of HRM and CCS increased. However, it is illustrated that the DR (Figure 4 (c)) alters in a largely curved nonlinear ascending model with increasing concentrations of HRM and CCS.
Optimization of the Model.
From the above discussion, it fairly represents that the formulations of CTZ ODTs are very tough to forecast the overall output traits based on simple interpretation of significant factor deviation. Hence, the desirability function was employed to resolve the optimal default setting of the process parameters that will maximize the three responses. Optimization was performed to obtain the optimal values of 1 and 2 for achieving the desirability constraints in the range of disintegration time (12 to 14 seconds), % friability (0.29 to 0.5), and cumulative % drug release (99 to 101.32). The optimized amount of CCS and HRM was incorporated in Table 6 .
Validation of RSM Results of CTZ ODTs Formulation.
Eight checkpoint solutions were selected on the principles of optimal formulation specified by thorough grid search to validate the selected experimental design and nonlinear polynomial equations. These checkpoint solutions were prepared and evaluated for the dependent response properties. Table 7 lists the composition, experimental and predicted values of the three response variables, and their respective percentage errors. Moreover, the linear regression plots were constructed accurately between observed and predicted values to the individual response characteristics by MS-Excel, imposing Table 8 . The powder flow properties and postcompression parameters are given in Tables 9 and 10 , respectively.
Conclusion
In this experimental study, the synthetic and natural disintegrants were detected to have a reflective and collaborative influence upon the characteristics of ODTs of CTZ formulation. This system embraces the drug-delivery system that achieves fast and relatively quick release of the drug over agreeable period of time. The response variables of the formulation are optimized by RSM (CCD design), and the results observed indicated that this experimental design had been successfully applied to develop the combination of CCS and HRM to prepare ODTs with desirable rapid disintegration and drug release. Combination of synthetic and natural disintegrant using response surface methodology can be formulated in an ideal oral disintegrating tablet. Moreover, their mutual influences on studied parameters can be exploited and commercialized. 
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